With the development and achievement of smart grid in China, the application of UAV lidar system in transmission line inspection has become increasingly popular. To this end, this paper briefly introduces the transmission line inspection system based on UAV lidar system, and deeply analyzes application examples of the system, hoping to inspire the relevant people in the industry by the key technology of the system.
Introduction
The electric transmission line in various regions of China is characterized by long circuit, wide spread, adverse environment and serious influence of climate, leading to the difficulty in operating maintenance [1] . However, under the transmission line inspection can implement analysis and early warning of surface feature safety distance, topographic change and tower foundation settlement, which has positive effects on improving the quality and efficiency of transmission line inspection, and lowering the difficulty [2] . Therefore, the research in this paper is of high theoretical and practical value [3] .
System introduction
In the transmission line inspection system based on UAV lidar system, the operation flow can be summarized as follows: Collection of point cloud data → Point cloud data processing → Result data analysis → Vegetation growth prediction and calculation and analysis of distance between vegetation and conductor → Analysis report generation. In the process, point cloud processing software plays a key role. Thus, the quality of POS data set image data and DOM result data can be better guaranteed [4] .
The relevant personnel need to complete the calculation of the distance between surface features and lines by point cloud processing software according to the following process ： Get the rectangular area on both sides of the tower → extract ground points and surface feature points → establish the irregular triangular mesh of the classification point → obtain the highest point of the triangular mesh and screen the electric line point → obtain spatial information of potential points. In the prediction of vegetation growth curve, the relative personnel only need to consider the relationship between tree height and time, and predict the tree growth. In this way, the high-quality of topographic change can be implemented. We choose to take use of LiAir Pro as basic tools to do our research(figure 1). It is worth noting that the quadrotor UAV studied in this paper adopt the electric transmission line inspection system based on UAV lidar system. 
Application example
In the inspection of 500kV electric transmission line, the personnel applied the transmission line inspection system based on UAV lidar system to calculate the distance between surface features and lines, predict vegetation growth and analyze topographic change. Figure 3 shows the analysis report of calculating the distance between surface features and lines. It can be easily found that there is a hidden danger between No. 46 tower and No. 47 tower of the inspection line. The hidden danger is that the distance between the vegetation and the line is less than 10m set by user. Figure 3 The distance between surface features and lines
Calculation of the distance between surface features and lines

Vegetation growth prediction
In the prediction of vegetation growth, the inspection personnel obtained the distance from vegetation below the lines between the towers to the lines by the system. This distance is greater than the 7m required by the relevant regulation, and the predicted distance one year later is also greater than 7m. This shows that the vegetation does not affect the relevant lines.
Key technology
Path planning and trajectory tracking control
The practical value of the transmission line inspection system based on UAV lidar system has been demonstrated above. In order to ensure the high quality of the quadrotor UAV to complete its task, it is necessary to emphasize the characteristics of transmission lines, namely, wide distribution, undulating shape, and complex environment. Meantime, the ups and downs of transmission lines and base lines should also be considered. In order to ensure that the quadrotor UAV can fly at a constant speed along the transmission line or base line with radian, path planning and trajectory control strategy are the important subjects that should be paid with enough attention.
Fault diagnosis and fault tolerant control
In addition to the above functions of calculating the distance between surface features and transmission line, predicting vegetation growth, the transmission line inspection system based on UAV lidar system also need to realize the fault diagnosis of insulators, wires, base lines and armour clamp without the influence of modeling environment conditions, environmental uncertainty, and non intervention of human being. This paper does not realize the fault diagnosis in a more detailed route inspection process mentioned above. However, it demands prompt solution to strengthen the security of the quadrotor UAV, design a fault diagnosis algorithm and a fault-tolerant control model under the condition of fault. Meantime, this is also the research focus of the author for a long period of time.
Collision line early warning and automatic obstacle avoidance control
In order to ensure the quality of the inspection work by quadrotor UAV, the collision line warning and automatic obstacle avoidance control should be emphasized. This can ensure that the quadrotor UAV can fly close to the flight line on the premise of meeting the minimum safety distance of the power grid regulations. Table 5 shows the practical way of the key technology. Introduce the early warning information into flight control system Realize closed loop autonomous obstacle avoidance control;
Conclusion
To sum up, the transmission line inspection system based on UAV lidar has been applied in various regions in China. This paper discussed the key technology of this system, which pointed out the way for the research and development in this field. Therefore, the research content of this paper has high reference value in the relevant theoretical research and practice.
